Flapping-wing Micro Air Vehicles (FMAV) comprise a new type of remote-controlled, semi-autonomous or autonomous aircraft that is significantly smaller than conventional aircraft. The concept of flapping-wing flight is inspired by birds and insects, though birds and insects use strikingly different modes of flapping to achieve the same result. Flapping-wing flight has been a large domain of exploration in the last few years, aiming to understand and mimic the ingenious strategies developed by animals during the navigation in three dimensions. While ornithopters deriving all of their lift and thrust from sets of flapping wings, have been demonstrated, applying Micro Electro Mechanical Systems (MEMS) inertial sensors to their navigation systems is an extremely challenging area. This paper presents an approach to designing an INS/GPS based navigation system using a Discrete Time Extended Kalman Filter. Navigation is one of the applications of state estimation techniques, and the reliable determination of attitude, velocity and position of the aircraft is essential for good flight performance during fully autonomous flight. In the current navigation concept, an Inertial Measurement Unit (IMU), providing sensor measurements, is used for this purpose, and the sensors used for navigation system are comprised of a MEMS gyro, a MEMS accelerometer, a MEMS magnetometer and a Global Positioning System. The Kalman filter provides an efficient computational means to estimate the state of a process, as it supports estimations of past, present, and even future states. In this paper three different schemes for a Discrete Time Extended Kalman Filter are used for navigation system. These include a single-stage seven-state discrete time extended Kalman filter, a two-stage cascaded discrete time extended Kalman filter, and a three-stage cascaded discrete time extended Kalman filter. Comparison and analysis of the three schemes are carried out, and it is demonstrated that the proposed algorithm is useful technique for flapping-wing flight. [4,5,6] can currently achieve higher efficiency and longer flight times, so are well suited to tasks that require extended loitering times, but are generally unable to enter buildings, as they cannot hover or make the tight turns required. 5,6] allow hovering and movement in any direction, at the cost of shorter flight time. Flapping wings [4,5,6] offer the most potential for miniaturization and maneuverability, but are currently far inferior to the fixed and rotary wing MAVs. An ornithopter is an aircraft that uses flapping wing motion to fly. This type of flight offers potential advantages over fixed-wing flight, such as maneuverability [7], at slow speeds (1-40m/s). The DARPA largely motivates Micro Aerial/Air Vehicle development in military application for reconnaissance missions in confined spaces or under dangerous circumstances. The discreetness of a flapping wing MAV adds appeal for these types of operations. Mission constraints will not permit real time human interaction to provide vehicle stabilization and guidance [8], also necessary vehicle agility or gust response may well surpass a human operator's ability. Navigation is tracking [9] of the platform on which the sensors are located. It answers the question "Where am I?" by estimating one's own state (position, velocity, attitude, and possibly acceleration). Significant advances in miniature navigation system of Flapping Micro Air Vehicle is necessary to design the control system [10] because the output of navigation loop are fed to the guidance and control loop so output of navigation system act as input for the control system. In this paper, the designing of INS/GPS based navigation system using Discrete [16] . These MEMS sensors provide a complete description of attitude of Flapping Micro Air Vehicle. Pressure sensors gives air velocity and MEMS Gyro calculates angular rates (p,q,r) which are used as input to the MEMS accelerometer to calculate roll and pitch (φ and θ) respectively, of the FMAV. MEMS magnetometer gives the yaw (ψ) estimation of the FMAV. GPS gives the position as well as the heading and velocity of the FMAV. Kalman Filter is used for the estimation of roll (φ), pitch
, MEMS magnetometer [14] , GPS [15] and pressure sensor [16] . These MEMS sensors provide a complete description of attitude of Flapping Micro Air Vehicle. Pressure sensors gives air velocity and MEMS Gyro calculates angular rates (p,q,r) which are used as input to the MEMS accelerometer to calculate roll and pitch (φ and θ) respectively, of the FMAV. MEMS magnetometer gives the yaw (ψ) estimation of the FMAV. GPS gives the position as well as the heading and velocity of the FMAV. Kalman Filter is used for the estimation of roll (φ), pitch (θ), yaw (ψ) and position (P N and P E ) mainly. The system considered is non-linear and it is first linearized for application of the Kalman Filter with the help of jacobian method. It is assumed that sampling rate (T S ) is 100 ms.
II. THE NAVIGATION LOOP FOR FLAPPING MICRO AIR VEHICLE
To Control any conventional aircraft, it is important to navigate it first and same applies to the Flapping Micro Air Vehicle. The output of navigation loop is used as input to the guidance and control loop. The two basic controls for a Flapping Micro Air Vehicle are rudder and throttle control [17] . The output of navigation loop is fed into the Flight Mode Switch [18] , which sends command to the servomotor [19] and Ground Station [20] .
Servomotor, with the help of these commands, controls the control surface, rudder and throttle. Ground Station receives the information through Uplink Communication [21] , and sends the command back to the Flight Mode Switch through Downlink Communication [22] . The servomotor activates the control surfaces according to the commands obtained from the Ground Control Station. For the height, it controls the flapping frequency [23] mainly which affects the aerodynamic forces [24] 
III. DISCRETE TIME EXTENDED KALMAN FILTER FORMULATION
The system and measurement equations are given as follows:
Initialize the filter as follows: The state equations which relate body frame rotations to changes in roll, pitch and heading are nonlinear. Letting the states be roll angle and pitch angle, φ and θ, and letting angular rates p, q and r and Airspeed V air be inputs. Because the heading update equation uses the same inputs as the Pitch and Roll equations, it is not unnatural to lump them together in the same estimation block. The exclusiveness of the heading state lies in the output equations. There is not a sensor output equation which will relate heading to accelerometer readings, which is why it was convenient to split heading estimation into it's own stage as mentioned earlier. One of the merits of heading and attitude at the same time is that magnetometer information may be beneficial in the estimation of pitch and roll, since no maneuver will upset the earth's magnetic field, as they may the accelerometer readings. And, depending on the attitude and heading of the MAV, projecting pitch and roll onto the magnetic field vector may refine the pitch and roll estimates. 
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Stage-three, Output equations by inertial estimator can be shown as following:
V. CONCLUSIONS Micro Air Vehicles are playing a significant role in military reconnaissance, as well as civilian search and rescue. To control MAVs for these important applications, it is important to navigate properly. This paper demonstrates that a variety of schemes employing a discrete time extended Kalman filter technique may be applied. 
